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Abstract 
A general class of macroscopic traffic flow models describing traffic dynamics on transportation networks is presented, with 
emphasis on the formulation of the junction problem. The type of admissible waves generated at junctions under the 
formulation proposed and their impact on vehicle energy consumption are described. 
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1. Introduction 
Macroscopic traffic models date back to the 1950s with the seminal work of Lighthill and Whitham (1956) and 
Richards (1956), who introduced one of the first scalar macroscopic traffic models. Later on, non-scalar models were 
introduced, to account for the existence of more complex phenomena (Papageorgiou et al., 1990; Aw and Rascle, 2000; 
Zhang, 2002; Colombo, 2003; Blandin et al., 2011b). In the general framework of hyperbolic conservation laws, these link 
models were extended to the case of net- works in Garavello and Piccoli (2006), see also Coclite  et al. (2005); Colombo et 
al. (2010). For energy efficiency applications and traffic consumption and pollution optimization, the ability of models to 
accurately reproduce traffic patterns inducing spatio-temporal speed variations, and in particular higher-order traffic 
phenomena such as stop-and- go waves, hysteresis patterns, as well as the emergence of waves at junctions, is of critical 
interest. In this article, we extend state-of-art techniques for link and network macroscopic traffic modeling, and we propose 
an integrated formulation for modeling traffic energy consumption at a macroscopic level. The contributions of this article 
are the following: 
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